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NEED OF FARM WEIRS. 

In the arid west vast sums of money have been exjicnded iii the con- 
struction of ditch aud cartftl systems to carry water^o the lands where 
the niinfall is either insufficient or too uncertain for profitable ugri- 
culture, and tl^o farmers have spent a still greater amount for pre- 
p*ring the land for irrigation and for jiurchasing "wiiter rights," 
which entitle them to a certain amomit of water. The value of the 
water has increased with the development of the country and now 
there is a general demand that the water be measured from tlie dit-ch 
to the irrigator as well as from the stream to the main canal. This is 
an important step toward better business methods in the management 
of canal systems uiid farms, fciid calls for aeciirate and reliablt iiifsr- 
mation concerning devices suited to the measurement of compara- 
tively small streams of flowing water. 

DEFINITIONS. 

The "weir" is one of the most commonly used devices for this 
purpose. A bulkhead or wall built across a ditch or stream, with an 
opening cut in the top of the wall through which the water is allowed 
to pass, is called a " weir " and the opening is called the " weir notch." 
The bottom portion of the ditch immedintely u]>stream from the 
bulkhead is the "weir box" or "weir pond." The height of the 
water surface in the weir pond above the weir crest is the " head." 
When the water flows over the ei'cst into the air before it strikes the 
airfaco of the water in the ditch downstream from the bulkhead, it 
is said to have '* free fall," and when this overpouring stream of 
water touches only the sharp upstream edge of the crest, the weir is 

Note. — The work on whlcti this bulletin is based wss rtone In the hydraulic laboratory 
at Fort Collins, Colo., under u cooperative agrepment between tlie Office of Exporlmeflt 
Stations, United States Department of Agriculture, and the Colorado AjrlcultuTgl Mx- 
iieriment Station. 

For a technical report on the experimental data Bee Journal of Agricultural Reacurcll, 
To!. V, No. 23, March 0, 1018. 

The purpose of thl3 bulletin Is to give practical directions for the construction and 
use of (he smaller sizes of weirs, such us are suited to the measurement of water on 
Irrigated (armii. 
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said to be " sharp crested." The weir notch must have a definite 
shiipe and size, The horizontal distance from the end of the weir 
crest to the side of the weir box is called " end contraction," and the 
vertical distance from the crest to the floor of the "vveir box is called 
" bottom contraction." When these contraction distances are groat 
enough to cause a pondlike condition, which permits tlie water to 
approach the i\elr notch without any appreciable velocitj^, the weir 
is said to have "complete contractions." 

The weij's described in this bulletin arc the rectangular, Cipollctti, 
and 90° triangular-notch tvpcs, with free fall, sharp crests, and com- 
plete contractions, The discharge formulas for these weirs are not 
confined to the limits imposed upem old formulas. They are cor- 
rect for high as well as low heads, at least within the range given in 
the tables.^ However, in order to lessen the cost for matci-ials for 
constructing the weirs, the dimensions of the weir boxes, as given in 
Table 1, are less than required for complete constructions, and there- 
fore the discharges over these weirs will be greater than represented 
by the formula or discharge tables. The excess reaches a maximum 
of only about 1 i^er cent for the higher heads, and consequently can 
be ignored for practical conditions. 

To determine the quantity of water flowing at any time, redd the 
gauge, which gives the " head " or depth of water flowing over the 
weir notch, and turn to the discharge table in this bulletin for the 
type of weir used. If tha head is measured in feet »nd decimals, 
find it in the first column, or if measured in feet and inches, find it 
in the second column, and following along this line to the right, find 
the number in the column for the length of v^eir crest used. This 
number will be the flow in cubic feet per second, which may be 
changed into miner's inches — or statute inches — by multiplying by 
ifee number of miner's inches cquil to a cubic foot per ^cond, as 
given in the table of hydraulic equivalents on tiie last page of this 
bulletin. 

ADVANTAGES AA'D DISADVANTAGES OF WEIRS WITH COMPLETE 

CONTRACTIONS. 

Tlie principal advantages and disadvantages of the types of weirs 
described herein may be stated as follows: 

Advantages. — They are (1) accurate; (2) they are simifle and 
may be constructed by the farmer; (3) they permit moss and 
floating trash to pass through the ditch without great danger 
of interfering with the measurement of the water; and (1) they 
arc durable and re(]uire no adjustment for proper operation, for 
there are no working piirts, 



'A fuU discussion of the fKperlmcntB upon wlUoli thwre formulas arc based Ih con- 
tained la Journal ot Agricultural Rcsearcli, vol. 5, No. M, Mar. G, lOli. 
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Disadvantagea. — (1) Thoy require a congidcrablo pondage 
above the weir; (2) they can not be used where there is only a 
slight grade to the ditch; (3) they are not adapted to ditches that 
carry much sjind and silt; and (4) practically all undesirable 
conditions, such fts'liccumulation of Sand and silt above the weir, 
water approaching the weir with velocity, or injury to the weir 
crest, tend to give a greater flow of water than that indicated in 
tlie tables. 

WEIR BOX AND WEIK POND. 

Vlien properly constructed either of the thr«« typas of weirs de- 
scribed herein is reliable and accurate for the mMgurtment of flow- 
ing water. They may be placed in mij ditch or canal liaviug suffi- 
cient fall, but it is necessn^ that tiie diteh be made wider and deeper 
for some distance upstream from the weir notch. This cnlargeme«t 
is for the purpose of making pmctically a still -water condition before 
water flows ov*r tht weir. The weir box or weir pond, which is im- 
mediately upstream from the weir notch, has h uniform length, width, 
and depth as ^iven in Ti\blc 1, and commencing at approximately 50 
feet upstream from the weir the ditch must be enlarged gradually 
from tlic regular size the ditch to the full size of the weir box. 
The length of this tapering enlargement, stated as 50 feet, really 
needs to bo greater or less as the flow in the ditcli is large oi* small 
as compared to the size of the weir notch, and it will depend also 
upon the size of the ditch and the velocity of the wnter in the ditch, 

Wiicre the available grade in the ditch is not great enough to give 
the required depth of pond by raising the banks for a distance of 50 
to 100 feet back from the weir, the bottom may be lowered and the 
banks raised only enough to give a free fall below the weir notch. 
However, the weir pond, whether a box or an enlargement of the 
ditch, must not be allowed to fill with silt and sediment or other 
debris. The water must approach the weir in straight lines without 
swirling or eddy currents. 

A weir bos may bo built as shown in figure 1, or a bulkhead may be 
placed in an enlargement in the ditch as shown in figure 2. This 
latter ftrrangement "will permit donning of the pond with tesms and 
scrapers, and is easy and inexpensive to construct, but because of the 
sloping banks, the water surface must be wider than where a bos is 
built with vertical sides. Th.% bottom oi the ditch for a short dis- 
tance downstream from the weir should bo lined with rock to prevent 
scouring due to the water falling over the weir notch. Where a com- 
pute weir box is built of timber or concrete it looks well, occnpiee 
the least land area and has greater permanency, but it is mere co.<5tly 
and more difiicult to clean. A floor or apron, as given in column K 
in l^ble 1, constructed of the same material as the weir bos, over- 
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comes the necessity for lining tho ditch witli rock below the weir, 
I'rocantions should be taken to prevent water from washing under 
th« bottom or around the sides of the box, For moet soils, if the 
earth is puddled with water us it is filled around the box, it will bo 
safe; but where it is sandy or likely to wash, a board 12 inches wide 
slio«ld h% placed on tsdgo un4er the bottom and at the sideg near the 
upper end of the bos, to serve as a cut-oft' wall. The height of the 
weir crest above the bottom of the diteh do'wustream from the weir 
notch will depend upon the size a»d grade of the ditch, but this 
height must be such that when the greatest quantity of water is 
flowing over the weir the water level in the ditch downstream will be 
below the er«st. This is to permit tho trm ymim^& of air b»twe«i 
the bulkhead and the sheet of over-pouring water, which is the re- 
quired condition for free flow. 

Table 1 gives the sizts of weirs besA adapted to me*s«ring flows of 
water varying from one-half to 22 cubic feet per second, and tho 
pr(»i)ei' dimensions for each size of rectangular, Cipolletti, and 90° 
triangular notch weirs. 

Table 1. — Wclr-ln.)X (Ummsims for reHa»ffulm; VipoIl4tM, o»(J .00° triangular- 

mteh mewH. 

[Alt dtewnstsns In fisot. Thel«ttecs«t the bm/in of the columns In this e»hl« ttfm to fisure 1.] 
RlCTANOULAn AND •POLIvBTTl WIMRS. 
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' This distance aUows for r.bout ) foot [reohoard above highest water level lu weir box. 
> Kqiwls distance from crest upstream to eau^u. 
* Equals distance Iroin end of croat oi er to gauge. 

As pi'cvioiisly stated, using the weii- boxes specified in Table 1 will 
give results within I per cent of cori'ect. If smaller boxes :irc used 
the actual discharges will be larger than those given in the tables. 

Tables 2 atid 'A show the percentage increase in discharge caused 
by woir boxes smaller than required for complete contractions, for 
rectangular and Cipolletti weirs having crest lengths from 1 to 4 feet, 
siiul with heads of six-tenths and 1 foot 

If tho smaller boxei are used, discharges should be read from tho 
tables and increased by the percentages gi ven in Tables '2 and 3. 
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WEIR CHESTS AND SIDES. 

Weir crests and sides should be true, straight, nnd rigid. The crest 
must ht level, the sides imisf be set to feSie pro^iei' angle with the creet, 
and carefully spaced to give the correct Icngtli of crest, ns indicated 
by " L " in figure 1 and Table 1. The 90'' triangular notch has no 
length of crest bcciitse the sides meet at a point. 

It is not necessary that the sides and crest be sharpened to a kuifo 
edge, but the edge of the crest on the upstream side must be sharp in 
the sense that it is not rounded. If a depth of water not le?is than 3 
inches is to be run over the weir, the crest thickness on the edge may 
be as great as one-fourth inch without the water adhering to the crest, 
provided the inner edge is sharp. Howewrr, if Mae crest is beveled, 
this bevel must be placed on tiic downstream side, for the upstream 
face of the crest and of the bulkhead which holds the crest must be 
cven'mnd in a vertical position. The tlownstreum face of the opening 
in the bulkhead must be beveled outward and downward about 4."i 
degrees to insure free passage of air under the sheet of water as it 
flows over the weir. 

Instead of cutting the notch in the bulkhead to just the size desired 
sind leaving this rather rough edge to serve as the crest and sides of 
the weir notch, it is better to make the opening in the bulkhead at 
least 1 inch deeper and 2 inches wider than the desired size of weir 
opening. Th\s v;ill permit sittachmcnt of crest and side strips to the 
bulkhe.id so fts to project about tn inch tH a<f&und, making more per- 
fect edges, and the overpouring sheet of water will not teitcli the 
bulkhead. 

Wood may be used for the crest and sides, but as it is apt to warp, 
wear, and become splintered, metal is preferable. For the smaller 
sizes of weirs, the proper weir opening may be cut out of a singlu 
sheet of metal which ia%r be fpi^tened to the bulkhead. For the 
larger weirs crests and sides mftde from separate strips of raetul hav- 
ing the edges filed true are more i)ractical. This metal should be 
fairly heavy, to prevent the strips from bending and getting ont of 
alignment easily. A more durable crest may be made of 1^-ineh 
angle iron cut to the required lengths and set into the bottom and 
sides of the opening cut in the bulkhead. One face of the angle 
iron "will be flush with the upstream side of the bulkhead and the 
other face will be fastened securely into the opening in the bulkliead. 
The edge over which the water will pass therefore will project IJ 
inches from the opening in the bulkliMid, and should be made true 
with squared edge. 

If strips of wood are used for the crest and sides, they usually are 
fastened to the upstrewm face of %ie bulkhead for convenience, but 
in this case these strips must not be narrow, as this would give a pro- 
847!>0''— null. 813—17 2 
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jection (he thickness of the strip, which will reduce the accuracy of 
Mie mcaSMrcnient of the watsr. With whatever type used, the joints 
formed by the sidm tmd crmt.mii0b £t niq^iy without leaving a crack 
and without causing an offset. 

WEIR GAUGE. 

Tlic weir gauge, which is used to measure the depth of water 
flowing over tlte weir crest, may be an ordinary "ruler" or a liard- 
wood stkic ff«(k)ate^ t« f%9t and'^incliae, hat it is pref6«'«M# te have 
it graduat^id to feet, tenths and hundredtlis of a foot. It sliould 
be set upstream from the weir notcli a distiince (" F " in fig. 1 and 
Tttkle 1) at l^Mfit l*i>r tiiiMMi th@ nmKiwum (kf>th of w»faer (" H"J 
to be I'un over tlie crest, or, if placed on tlie weir bulkhead, the 
distance '* C," measured out from the end of the weir crest, should 
b« »t least two tkwes tlje d^y^ " H." If a eoaipkte ■wmr box has 
been built, the gauge may be fastened to the bulkhead or the side 
of the box, as indicated in iigiiro 1. If, instead of a weir box, an 
eiilftrgenient has b^een made "in the ditch above Ifce bulkhead, the 
gauge may bo attaclied to a .solid post set just far enough from 
the bank to insure that it always will bo in the water. If a perma- 
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neaat g«ij«o_is not desired, ti block or other solid support should be - 
ppevid«d at the proper distance upon which to set a scale when 

Whe reaeon for placing the gauge as described is that the depth 
of water "II," from which the flow over weirs is computed, ig 
measured vertically from the weir crest to the horizoiisfel pJii»e of 
the still-water surface in tlie weir pond upstream from the weir. 
There is a decided curving downward of the water surface near the 
weir notch, and it is nesessflry to get beyond the effect of this curva- 
tiu'c, called " draw 
down," in order to 
f »t the correct depth 
of water " H." 

The zero of the 
shoi^^ be sept 
level with the weir 
crest for rectangular 
aad CipoHetti weii's, 
and with the lowest 
point in the 90° tri- 
angular notch, which 
has no real crest ; but 
this level should not 

determined by al- 
lowing the water to 
start to flow over the 

Weir crest and m-at-king the i»ro of t]ie gauge from that water level, 
for, in fact, the water level must be appreciably higher than the crest 
before it will pour over the weir. It would be better to set the 
gauge with a good carpenter's level. Furthermore, Ijefore the begin- 
ning of each irrigation ■sjwtem, or oftener, the position of the weir 
«rGst and sides and tJie ^wage should be checked carefully, for frost 
♦rtion m- 8^tlei»ent in Ihe wet soil may have fcl^ered *^ir &rigin(il 
rposition. 

Where & hook gauge or an automatic reesording ga-uge is to be used 
in eon»ection with the weir, a water-tight still-box or gauge well 
should b© p»¥«|^*d -outside of the weir box and connected to the weir 
box by means of a pipe laid through the bank below the level of the 
weir crest. The still-box should 1» placed upstream from the weir 
notch, a distance at least as greiit as shown in column " F" in Table 
1, and sliould be enougli deeper tlian the pipe to prevent silt accumu- 
lation from stopping the free passage of water through the pipe. It 
should be cleaned occasionally. The purpose of tlie box is to provide 
a still-water surface at the same level as the water in the weir box. 




Flu. 2. — Weir notcli and bulkhead In weir pond. 
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:In order to obtain a correct measurement of the water flowing over 
ii. weir it is rery necessary that the depth of water "H" be deter- 
mined accurately. This means that the gauge must be placed accu- 
rately and read carefully. To show the error caused fay misreading 
tlio gauge 0.01 foot, or slightly less than one-eighth inch, Table i 
is" given. 

Table 4, — Pcremhige of error M dinchari/c c(msed % O.Ot foot error in reorttH* 

the head. 





Length of weit crust. 


90° notch. 


1 foot. 


1.5 feet. 


2 feet. 


3 feet. 


4 feet. 


0. 20 
.30 
.50 
.70 
.90 

J. 10 

1. ae 

1.50 


Feet. Inches, 
0 21 
0 3! 
0 6 
0 8} 

0 lOH 

1 m 

1 3 
1 « 


Ptr cent. 
7.2 
5.0 
3.S 
2.1 
1.8 


Per cent. 
7.B 
M 
3.2 
1.9 
1.8 
1.4 


Per cenl. 
7.5 
5.1 
3.0 
2.1 
1.8 
L3 


Per ceJtt. 
7.6 
5.6 
2.9 
2.2 
1.7 
3.3 
1.1 
0.9 


Per cent. 
7.0 
4.8 
2.9 
2.2 
1.7 
1.3 
1.1 
1.0 


Per ceni. 

8.5 
6.0 
3.9 
2.9 
2.2 
2.1 











RECTANGULAR WEIRS. 



The nsme is tstkcn from the shupc of the weir notch, shown in 
figure 3. This weir is also known sometimes as the Francis weir. It 
is one of the earliest forms of weirs used and really is the type from 
which all other forms hnre been deirelopcd. BecAuse of the sim- 
plicity, ea"" of construction and accuracy 
with which the crest and sides may be set 
with t-he implements ordin*rily »t hand, 
this type of weir demands a wider use than 
it has received in the past few years. It 
is equally as accurate as the other types. 
The crest is placed in n horizontal posi- 
tion and the sides extend vertically above 
the crest. The aiigle formed therefore is a right angle, which permits 
the weir to be set easily and accurately by means of a carpenter's 
square and level. The sides must be placed carefully to give the 
desired length along the crest. Table 5 gives the disclmrge owr 
rectangular weirs from 1 to 4 feat in length, computed from the 
corrected formula. 




Pig. 3. — Uectangular weir. 
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Table ii.-~Dlnvh(wgc ttibloti for ractftmjnluf wciys. 
Computed from the formula Q-3.&<7 ///' "-Yp /a ^f^'^- 



Head 
la 
feet. 


ITpad 

in 
Indies. 


nischargo In ciiWo feet per second 
for creeta of various Icngtlis. 


Itend 
in 
feet. 


1 foot. 


i.6r«!t. 


2 feet. 




3 feet. 


4 feet. 


0.20 


28 


0. 2fll 


0. 439 


0. 588 


0. RR7 


1. 19 


.80 


.21 


2\ 


. 312 


. 472 


. 632 


. 0.51 


1. 28 


.87 


.22 


21 


. 335 


<505 


. 677 


1.02 


1. 37 


.88 


.23 


23 


.3.'jR 


. 519 


. 723 


1.09 


1. 48 


.80 


.21 


25 


. 380 


.574 


.760 


L 18 


l! 56 


.90 


.25 


3 


. 401 


. 61)9 


. 817 


1. 23 


1. 05 


.91 


.2« 


3k 


.428 


.61ft 




1.31 


1. 75 


.92 


.27 


3| 


. 4.^52 


. 082 


. 914 


1.38 


1. 86 


.93 


.28 


3i 


. 477 


. 720 


. 9115 


1. 48 


1. 95 


.94 


.2U 


3i 


. 502 


. 758 


1. 02 


1.63 


2. 06 


.95 


.30 


sS 


. 527 


. 79G 


1. 


1. 61 


2. 10 


.08 


.31 




. 5.'i3 


. 836 


1. 12 


i.od 


2." 20 


.97 


.32 


3n 


. 5yo 


.876 


I. 18 


1. 77 


2. 37 


.98 


.33 




.600 


.916 


1.23 


1.86 


2. 48 


.99 


.34 




.631 


.MT 


1.28 


1.91 


2. 60 


1.00 


.35 




.681 


.899 


1.34 


2. 02 


2. 71 


1.01 


..19 




.688 


1.01 


1. 40 


2. 11 


2. 82 


1.02 


.37 


iiV 


.717 


1.08 


1.45 


2. 20 


2. 91 


1.03 


.38 


4A 


.746 


1. 13 


i. 51 


2. 28 


3. 00 


1.04 


.39 


4 4 


. 774 


1, 17 


1. 67 


2. 37 


3.18 


1.05 


.40 


441 


. 804 


1. 21 


1. 83 


2. 40 


3. 30 


1.06 


.11 




. 833 


1. 26 


1.00 


2. 55 


3. 12 


1.07 


.42 


6lV 


.803 


1. 30 


1.75 


2. 65 


3. .14 


1.08 


.43 




. 893 


1. SJ) 


1. 81 


2. 74 


3.07 


1.09 


.44 


s 


. 924 


1. 40 


1.88 


2.83 


3.80 


1. 10 


.45 


5 


.955 


1.44 


1.04 


2.93 


3. 93 


1. 11 


,40 


Si 


.980 


1.49 


2.00 


3.03 


1.06 


1.12 


.47 




1. 02 


1. 64 


2.07 


3. 12 


4. IS 


1.13 


.4.^ 


s 


1. 05 


1.50 


2. 13 


3.22 


1. 32 


1.14 


. 49 




1.08 


1. 64 


2. 31 


3.32 


1. 45 


1.15 


.50 


a 


1. 11 


1.08 


2. 26 


3. 42 


1. 58 


1.16 


.U 


St 


1. 15 


1. 73 


2. 33 


3. 52 


4. 72 


1. 17 


..12 


6 


1. 18 


1. 78 


2. 40 


3.02 


4. 86 


1. 18 




6 
9 


1.21 


1.84 


2.4t> 


3.73 


4.99 


1.19 


.:a 


1.25 


1.89 


2. .13 


3. 83 


5. 13 


1.20 


.55 


8 


1. 28 


1.91 


2.60 


3. 94 


5. 27 


1.21 


.50 


6 


1. 31 


1.99 


2.07 


4.04 


B. 42 


1.22 


.57 




1. 35 


2.01 


2.74 


1. 15 


5. .10 


1.23 


..M 




I.3S 


2.09 


2.S1 


4.20 


5.70 


1.21 


.59 




1. 42 


2. 15 


2.88 


1. 36 


5. 85 


1.26 


.60 




1.45 


2.20 


2. 90 


4. 47 


Q. 00 


1.26 


.61 




\. 49 


2.25 


3. 03 


1. 69 


0. 11 


1.27 


.62 




1. 52 


2. 31 


3. 10 


4. 69 


0. 29 


1.28 


.03 


1.56 


2. 36 


3. 17 


4. 81 


6. 4-1 


1.29 


.64 




1.60 


2^12 


Z. 25 


l"92 


0. .19 


1.30 


.05 




I. 63 


2. 47 


3'. 32 


6. 03 


0! 75 


1.31 


.08 


m 


1. 07 


2. 53 


3. 40 


5. 15 


8. on 


1.32 


.07 




1. 71 


2. m 


3. 47 


5. 28 


7.05 


1.33 


.6S 


'^A 


1.71 


2.04 


3.50 


6. 38 


7.21 


1.34 


.60 


8| 


1.78 


2.70 


3.63 


5.10 


7.30 


1.35 


. 70 


81 


1.82 


2.79 


3.71 


.1. 61 


7.52 


1.36 


.71 


84 


1.80 


2.81 


3.78 


5.73 


7.68 


1.37 


. 72 




l.BO 


2.87 


3.86 


8;] 


7.84 


1. 38 


.73 




1.93 


2.93 


3.94 


5.97 


8.00 


1.39 


. 74 


RS 


1.97 


2.99 


4.02 


8.01} 


8.17 


1 if\ 

I, VI 


i75 


9 


2.01 


3.05 


4. 10 


0. 21 


8.33 


1.41 


.76 


Si 


2.05 


3.11 


4.18 


6.33 


8. 49 


I..12 


.77 




2.09 


3.17 


4.211 


8. 45 


8.06 


1.43 


.78 




2.13 


.1.23 


4.34 


0.68 


8.82 


1.44 


.79 


91 


2. 17 


3.29 


4.42 


6.70 


8.99 


1.45 


.RO 


s| 


2.21 


3.35 


4. 51 


6.K3 


9.10 


1.1« 


.SI 




2.25 


3.41 


1.59 


6.05 


9. 33 


1.47 


.S2 




2.29 


3. 47 


4.07 


7.08 


B. .10 


1.48 


.S3 


m 


2. .13 


3.61 


4.75 


7.21 


0.67 


1.49 


.M 




2.37 


3.60 


4.81 


7.33 


9.84 




.85 


i»A 


2.41 


3.86 


4.92 


1 7.48 


10.1)1 





Plsfharce !n niUc fret per second 
(ta- cresta of vurlom lengUia. 



4 feel;. 
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CIPOLLETTI WEIRS. 

This typo of weir is irapezoidal in sliiipe, but the name " Cipollotti " 
is that of the Italian engiucer who proposed its use. As shown in 
figure 4, Mie crest of the weir must bo level, and the sides plfc'ced on n 
slope of 1 to 4, meaning one unit horizontal to four iniits vertical. 
The notcli tliercfoi'e is larger than a rectangle witli the same crest 
length. 

It is seen readily that the Cipolletti type of weir, or in fact any 
weir having sloping sides, is neither so easy to construct nor so easy 
to check later for accuf»cy its is the rectaiignlar weir, The grewt 
pof Uhirity of the Cipolletti weir is due somewhat to its having been 

proposed at a time when the use of weirs 
for measuring irrigHtion water was being 
considered, but principally because the 
angle which the sides make with the crest 
was supposed to mnke the flow over tho 
weir proportional to the length of the 
r^,4_cipo»etti or treijeeoidai crest. In othcr words, the flow for a cer- 

tain head on a 2-foot weir w»s supposed to 
be twice the flow over a 1-foot weir for the same depth of water, 
iv'hicJi would rofiuire but a simple weir tnble for field use. Recent 
cxjieriments, however, prove that the flow over Cipolletti weirs is not 
liro[)ortional to the length of the crest, which ap]>arently refutes tho 
jirincipal argument in its favor, However, if the sides are placcti 
properly with respect to the crest, and other conditions are observed 
fully the flow can be measured as accurately over a Cipolletti weir 
as over a rectangular weir, if the accompanying weir tables, or 
formula, are used. It is all right, therefore, to use a Cipolletti weir 
if constructed proi>erlj', but Hfliere jt weir is to be constructed, tiio 
rectangular should be chosen in preference to the Cipolletti type. 
Table <J gives the discharge over Cipolletti weirs from 1 to 4 feet iu 
IsKgtli, computed from tho corrected foimul*. 




CONSTEUCXION AND USE OF TAEM WEIES. 
Table 0. — Discharge tablcn for CipollcHi tccirg. 
Computed from the formula 0=3.247 m^-*^-'^^l'lw-''+0.m J¥'.s, 
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in 


Head 

En 
Inches, 


uncharge In cubic feet per second 
for crests of various lengths. 


1 

Head 
In 
feet. 


Head 

In 
inches. 


1 loot 


1.5 [eet. 


£ ICOt. 


3 feet. 


4 leet. 
- ■ 


0 20 


n 


0. 30 


0. 45 


0.60 




0.90 


1.20 




. 86 


lOiV 


" 21 


2i 


.32 


.48 


.64 


.97 


1,29 


. 87 


lOA- 


4 22 


2 




.35 


.52 


.69 


1,04 


1.38 


. 88 


10 

10 


V 


23 


2^ 




.37 


..55 


.74 


1. 11 


1.47 


■ 


24 


2 




.30 


.59 


.79 


1.1s 


1.57 


.90 


10 






3 




.42 


.93 


.84 


1.25 


1.67 


. 91 


10 




% 




.« 


.67 


.89 


1.33 


I. 77 


.92 


iiA 


t £{ 


3 




.47 


.70 


.94 


1.40 


1.87 


-93 


11 




2g 


3 




.50 


.74 


.99 


1.48 


1. 97 


. 94 


11 




29 


3 




.53 


.79 


1.04 


1. 5fi 


2.08 


. M!t 


It} 


,30 


3 




.59 


.83 


1. 10 


1.94 


2. 19 


. 96 


114 


^1 

4 i>X 


3 




.59 


.87 


1. 15 


1. 73 


2.30 


.97 


11 


! 


• 


3 


1 


.m 


.91 


1.21 


1.80 


2.41 


. 98 


llj 


4 33 


3 




.84 


.96 


1.27 


1.89 


2.52 


. 99 


lU 


• al 


4t'* 


.97 


1.00 


1.32 


1,9S 


2.64 


1. 00 


12 




1 JO 


4tV 


.70 


1. 01 


1.38 


2.07 


2, 75 


1. 01 


12i 


4 33 


4A 


.73 


1.09 


1.41 


2. 16 


2.87 


1.02 


12i 


IT 


4A 


.77 


1.13 


i.iio 


2.25 


2.99 


1 . 03 


123 


,3S 


4A 


.80 


1. 18 


1.57 


2. 34 


3. 11 


1. 04 


12* 


> 30 






.83 


1. 23 


1.93 


2. 43 


3.24 




12* 


40 






.S7 


I. 2S 


1. «9 


2.63 


3. 36 


1 . On 


12} 


ji 
• 11 






.90 


1. 32 


1. 76 


2.92 


3. 40 


1. 07 


1211 


4 4? 


5. 




.93 


1.37 


1.82 


2. 72 


3.61 


1. OS 


12H 


, 






.97 


1.42 


1.89 


2. 81 


3. 74 


1. 09 


13iV 


44 


5 




1. 00 


1.47 


1.95 


2. 91 


3.87' 


1. 10 


13A 


, 45 


I 




1.04 


1.53 


2.02 


3. 01 


4.01 


1. 11 


13A 


• ifi 






1.07 


1. 5S 


2.09 


3. 11 


4. 14 


1. 12 


ISA 


.47 


s 




l.U 


1.S3 


2. Ifi 


3. 21 


4.28 


1. 13 


13 


\ 


■ 48 


E 




1. 15 


1.08 


2.23 


3. 32 


4.41 


l.U 


I3U 


4 49 






1. 18 


1. 74 


2.30 


3.42 


4.55. 


1. 15 


13 




4 Cfi 


s 




1. 22 


1. 79 


2.37 


3.53 


4.09" 


1. 16 


13H 


■ 51 


fli 


1.26 


1.85 


2.44 


3.94 


4.83, 


1.17 


U,V 


4 52 


6 




1.30 


1.90 


2.51 


3. 74 


4.97 " 


1.18 


l!i 




, 53 






IM 


1.96 


2 59 


3. sri 


5 12 


1.19 






1 64 


?1 




1.38 


2.02 


2.86 


3. 99 


6.26 


1. 20 


14! 


rr 


SI 




l.*12 


2.07 


2.74 


4.07 


5.41 


1.21 


144 


5fl 






1.46 


2. 13 


2.81 


4.18 


5.56 


1.22 


14' 




t57 


a 




L.-iO 


2,19 


2.89 


4.30 


6.71 


1. 23 


HJ 


4 1^8 


<^ 


,i 


1.5J 


2.25 


2.97 


4.41 


.1.86 


1.24 


11! 


tDV 




1.5.S 


2.31 


3.05 


4.53 


6.01 


1. 2*> 


15 




4 BO 




1.62 


2.37 


3.13 


4.61 


6.17 


1. 26 


15 




4 Al 


?A 


1.67 


2.43 


3.20 


4.7a 


6.32 


1.27 


15 


\ 


,D4 




1.71 


2.49 


3.28 


4.88 


6.47 


1 . 28 


15* 


4tU 


7 
7 




1.T5 


2.45 


3.37 


5.00 


6.63 


1. 29 


15. 






1.80 


2.62 


3.45 


5.12 


6.79 


1.30 


15! 




,65 




1 


1.84 


2.68 


3.43 


5.24 


a. 95 


1. 31 


V' 




.6(1 


7 


HI 


1.S9 


2. 75 


3. 01 


5. 36 


7.11 


1. 32 




\ 


.67 




1.93 


2. SI 


3. 70 


K.48 


7.28 


1. 33 




»68 






1.98 


2.87 


3.79 


5. 91 


7.44 


1. 34 


i*M( 


*09 






2.02 


2.91 


3.87 


6.73 


7.ai 


1.35 


16^,V 


.70 


1 




2.07 


3.01 


3.95 


5.86 


7.77 


1. 39 


ISA 


.71 






2. 12 


3.07 


4.04 


6.99 


7.94 


1.37 


19A 


»72 






2. 16 


3.14 


4.13 


9.12 


8.11 


1. 38 


16, 


t 


,7a 






2.21 


S.21 


4.22 


6.24 


8.2s 


1.39 


16 




■ 74 






2.23 


3.2s 


4.31 


6. 3S 


8. 45 


1 40 


161 




■ 76 


e 




2. ill 


3.35 


4.40 


6.51 


8.62 


L41 




,76 






2.36 


3.42 


4.49 


6.64 


8.80 


1.42 


17A 


■ 77 


9 




2.41 


3. 49 


4.58 


6.77 


8.97 


1.43 


17,", 


4 78 


6' 




2.46 


3.50 


4.97 


9.90 


9.15 


1.44 


17 




■ 79 






2.51 


3.93 


4.76 


7.04 


9. .33 


1.46 


17i 




48O 






2.56 


3.70 


4.85 


7. IS 


9.51 


1.46 


i;i 


4 81 






2.61 


3.77 


4.95 


7.31 


9.69 


1.47 






.82 


i 




2.60 


3.84 


B. 01 


7.4.5 


9.87 1 


1.48 


iil 




.ft3 




! 


2.71 


3.92 


5. It 


7.:j9 


10. 05 


1.49 






*81 




2.77 


3.99 


5.23 


7.73 


10. 2J 


1.50 


18 




.85 




2.S2 


4.0; 


6.33 


7. a; 


10.42 r 









r.lscharge hi culilo feet per sccoad 
for crests of various lengtlis. 



1 foot. 



2 


87 


2 


93 


2 


98 


3 


01 


3 


09 


3 


15 


3 


20 


3 


26 


3 


32 


3 


37 


3 


13 


3 


49 


3 


5a 


3 


91 


3 


97 



l.Steet, 



4.11 
4.22 
4.29 
4.37 
4.45 
4.53 
4.efl 
4.98 
4.76 
4.84 
4.92 
5.00 
6.09 
6.17 
6.25 
6.33 
.1.42 
6.50 
.1,59 
6.67 
6.76 
5.84 
5.93 
6.02 
6.11 
6.20 
6.29 
9.37 
9.46 
6.50 
fi.65 
6.74 
6. .83 
6.93 
7.02 
7.11 
7.20 
7.30 
7 40 
7.49 



2 feet. 



5. 13 

5., 12 

5.62 

5.72 

5.82 

5.92 

6.02 

6. 13 

6.23 

9.33 

9.44 

6.56 

9.64 

6.75 

6.86 

6.96 

7.07 

7. IS 

7.29 

7.10 

7. ,11 

7.62 

7.73 

7. S4 

7.98 

S.07 

8.18 

8.29 

8.41 

8.53 

8.65 

8.76 

8.8S 

0.10 

9.12 f 

9.24 

9.39 

9.48 

9.90 

9. 72 



3 feet. 



8.01 
8.15 
8.30 
8.44 
8.59 
8.73 
8.SS 
9.03 
9.17 
9.32 
9.4S 
9.62 
9.78 
9.93 
10.08 
10.24 
10.40 
10. 55 
10. 71 
10. 87 
11.03 
U.IS 
11.3.1 
11.51 
11.68 
11.84 
12,00 
12. 16 
12.33 
12.50 

12 67 
12.St 
13.01 
13.18 

13 36 
13.. 12 
13, fa 
13.87 
14.04 
14.21 
14.39 
14. 16 
14.71 
14.92 
15.11 
15.29 
16.46 
15.64 
15.82 
16.01 
16. 19 
16.37 
16.57 
16.75 
10. Ul 
17. 13 
17.31 
17.51 
17.70 

17. S9 

18. OS 
18.28 
18.47 
18.66 
18.85 



16 



FABMEES' BULLETIN 813, 



90° TRIANGULAR-NOTCH WEIRS. 

This type of weii' deser'\'es to be more widely used than at present 
for the measurement of small quantities of water to the iiTigiitor. 
If the fall is available it may be used for flows as great as 14 second- 
feetj which wovdd be obtained witli a depth of practically 2 feet of 
water above the vertex, or lowest pointj of the angle formed by the 
sides. However, conditions usually arc not favorable for its use for 
such large heads, and Table 7 gives the discharge for heads vip to 
1.25 feet. Since the sides meet at a point with no length of crest, a 
small flow of water that would not pass over one of the other weira 
without adhering to the crest and therefore making the measurement 
worthless, will flow free in the 90° ti'iangidar notch and may be 
measured accurately. The 90° triangular notch is especially appli- 
cable from the smallest flow up to 2 or 3 cubic feet per second. 

Because of the greater depth of water re- 
quired for this type of weir to discJisrgo 
a given quantity of water, and the conse- 
quent greater loss of grade, one of the 
other types of M«eirs usually will be better 
adapted to large quantities of water. 
Experiments have shown that the rec- 
"naTnofcHX tangular and Cipolletti weirs with G-inch 

crest lengths do not follow the same laws 
of discharge as the longer weirs, and the discharge formulas given 
in this bulletin for these weirs do not apply to weirs with a cr»st 
length of G inches. Therefore, where only a small flow of water is 
to be measured the use of the 90° triangular notch is esiiecially 
recommended. 

The sides of (he 90° triangular notch may be set readily by means 
of a carpenter's square and level. The notch can be marked out 
properly by placing the point of the angle between the arms of 
a carpenter's square at a point which is to bo the bottom of the 
notch and adjusting the square so that the same figures on both aiine 
of the square are at the edge of the board, then if the board is set 
level the notch will be in the proper position. The sides, tiierefore, 
have the same slope. 

Table 7 gives th(s dischft'rge ov«r the iO' triangular notch, com- 
puted from the corrected formula. 




CONSTEUCTION AND USE OF FARM WEIRS. 



It 



Ti-iiLK 7. — Dlschnrt/e table for aO° irUtnguJnr iwtch. 
ComputL-d from the furnmln V-=2.ii) //=■", 



]Jo!rI In 
lect. 



0,20 
.21 
,23 
.23 
.24 
.20 
.28 
,2? 
.2« 
.29 
.30 
,31 
.32 
.33 
.34 
,35 
.3U 
,37 
.3H 
.3fl 
.■W 
.41 
.42 
.43 
.44 

.40 
.47 
.48 
.4D 
.50 
.51 
.M 
.t>3 
■ U 



Hood !□ 
Inches. 



Discharge 
in socnnd 
loet («). 



a. 040 

.n5.s 

.OAS 
.072 

.oso 
.oas 
.<m 

.100 
.115 
.125 
.136 
.147 
.150 
.171 
.1S4 
.107 
.211 
.Z2S 
.240 
. 2.56 
.272 
.289 
.306 
.324 
.343 
.302 
.332 
.403 
.424 
.445 

.m 

.491 
.515 
.539 



IJoad in 
fcot. 



0.55 
.5(1 
.57 
.5H 
.59 
.00 
.fit 
.03 
.M 
.64 
.65 
.60 
.67 
.60 
.63 
.70 
.71 
.72 
.73 
.74 
.75 
.70 
.77 
.7)1 
.79 
.SO 
.81 
.S2 
.«3 
.84 
.85 
.SO 
.R7 



Inches. 



09 

6] 

i\ 

StV 

SA 

SI 

S3 

n 

0 

91 

9i 

n 
?l 

9J 

Bit 

9H 

JilA 
ll>A 
ii>A 
loA 
10 i 




0. .504 
.590 
.017 
.044 
.072 
.700 
.730 
.760 
.790 
.S23 
.854 
.W7 
.921 
.955 
.991 

1.03 
1.06 
1.10 
1.14 

1. IS 
I. 22 
1.26 
1.30 
1.34 
1.39 
1.43 
1.48 
1.52 
1.57 
1.01 
1.00 
1.71 
1.76 
l.Sl 
l.Sfl 



llGud in 
(ect. 



0. 50 
.91 
.92 
.03 
.94 
.95 
.90 
.97 
.98 
.99 

1. CO 
1.01 
1.02 
1.03 
1.04 
1.05 
1. 00 
1.07 
1.08 
1.09 
1. 10 
1.11 
1.12 
1.13 
t.l4 
1.15 
1.10 
1.17 
MS 
1.19 
1.20 
1,21 
1.22 
1.23 
1.24 
1.25 



Ile.id in 
incjies. 



iiA 
11 

11 
11 
II 
11 
Hi 

12 

12 
12 
12 
12 
12 
12 

m 

13A 
13A 

ISA 
ISA 

13" 

J 3 

14A 

14A 

141 

14i 

14t 

141 

14! 

141 

15 



DlschtrL'a 
in soconi- 
leot (CJ). 



1.92 
1.97 
2.02 
2.08 
2. 13 
2. 19 
2.25 
2.31 

2. 37 
2.43 
2.49 
2.55 
■2.01 
2.08 
2.74 
2.81 
2. 87 
2.94 
3.01 

3. OS 
3.15 
3.22 
3.30 
3.37 
3.44 
3.52 
3.69 
3.07 
3.75 
3.8.1 
3.91 
3.99 
4.07 

4. 10 
4.» 
4.311 



UNITS OF MEASURE. 

The cubic-foot ]ier second, called second-foot, is a miit of measure 
for flowing water. When a stream (iiscliarges 1 cubic foot of ivator 
in one second there is a second- foot flow. 

The acre-foot is a unit of measure for standing water, and is that 
voliiiiie which will cover 1 acre 1 foot deep. An acre-incli is -^^ of :iii ' 
acre-foot, or the volume which will co*er 1 acre to a depth of 1 inch. 

The miner's inch is unsatisfactory and rapidly losing favor as a 
unit for measuring water, bccansc it is not a definite quantitj'. It 
varies with the conditions und«r which it is nsed, and therefore is 
being replaced by the second-foot. In several of the Western States 
the miner's incli has been defined by law as being a certain fractional 
part of m. second-foot, and these values are given in the accompany- 
ing table of hydraulic equivalents. 
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TABLE OF HYOEAUUC EQUIVALENTS. 

1 c-uble foot ofiiials s;ulionsf, or upproxtmateiy 7i (gallons, 
1 cubic foot of water welfilis approxlnH)t*ly SSi pounds. 

1 cvA)ic ttmt per iWctiml equals 448.83 gtiiloitej per minute, or fippro-vlmately 
450 )?ailon3 per iMl»ute. 

1 cubic foot por second flowing for 1 hour equals approximatel.v 1 acre-inch. 
1 cubic foot per second flowing for 12 hours equala approinlately 1 iicro-foot. 
1 cubic-foot per second flowing for 24 hours efpials aiiproxiiuately 2 wcre-feet. 
1 acre-foot equaLs 43,500 cubic feet, equals 325,851 gallousj. 
l,00i?,00t) wbJc fact equiils MM *cre-feet. 

In California, Nevada, and Montana 1 miner's inch (statdtory 
inch) equals of 1 cubic foot per second. 
%x Utd'fe-, Idalw, »nd Arkson* 1 miner's inch (statutory inch) equals 
of 1 cnbic foot pev second. 

In Colorado it is generallj^ asE>aiined that 1 miner's inch (statutory 
^eli) e(jii»is L/SSA of 1 cttfcic i@4t per aecond. 



SOME PUBLICATIONS OF THE UNITED STATES DEPARTMENT 
OP AGRICULTURE RELATING TO IRRIGATION. 



AVAILABLE FOR FREE DISTEIBUTION. 

WooJ I'lpe for Conveyinc Wnter for Irrigation (Deiisirtiuent Hulletlu 155). 
Irrigiitioii In Florida (Dciisirtment Rulletin 402). 
.'<i)ray Irrigution (Department Rulletin 4!)4). 

FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS, GOVERNMENT PRINTING 
OFFICE, WASHINGTON, D. C. 

How to Build Small Irrigation Dltcho.'i (Ffirmers' Hulletln ir>S). Price, H cents. 
Use of AIcoliol find Giisolliie iu Fnrtu Engines (Farmers' Huiletin 277). Price, 
5 cents. 

Practlciil Information for Heginners iu Irrigation (Furmers' ISuiletin 208). 
I'rice. 5 cents. 

Irrigation of Alfalfa (Fanners' Huliettn 373). I'rice, S cents. 
Irrifintion of Sugar Reets (Farmers' liuiletin 8*8). I'rice, 5 cents. 
Vsm of WlnduiiUs iu Irrigation in ,SMnbirJ(l West (Fjirnjers' BuJletin VM). 
I'rice, t> cents. 

Irrigation of Grain (Farmers' Bulletin 3!>0). Price, 5 ceniR. 

Irrig.'ition of Oveiinvds (Farmers' liultetin 404). Price, 5 cents. 

Irrigation Practice in lllee Growing (Farmers' Rulletin C7,S). Price, 5 cents. 

I'rogre.ss Report of Cooperative Irrigation Bxpcvilnents at C:iiifornia University 

FMrm. Davis, CrI., 1!>00-1912 ( Deimrtnicnt Hulletln 10). Price, 5 cents. 
Gate Structures for Irrigation Cauiils (Departuwut Buli©.tin 115). Price, 20 

cents. 

Concrete Lining as Afiplied to Irristition Cnnnls (D»pnrtiiient Hulletln 130). 
Price, 10 cents. 

Flow of Water Iu Irrigation GUannala (De[>»irtmeut Hulletln 194). l'ri(*, 25 
cents. 

The Flow of Wnter in Wood st.'ive Piiie (Departuient Bulletin ;j7e). Pric* 25 
cents. 

P«livery of Water to Irrigators (OfUce of Ii.vi»riment Stations Huit«tln 23ft). 
I'rice, J'5 cents. 

TTse of Underground Water for Irrigution at I'omonfi, Cai. (Office of Fxiierlnieut 

Stations Hulletln 23«). Price, 20 cents. 
Irrigation in San .Toaqulu Valley, Cai, (Office of Experiment St.'itions Hnllelin 

2i{a). Price, 15 ceuta 

lt> 

o 



